Astrocyte heterogeneity: endogenous amino acid levels and release evoked by non-N-methyl-D-aspartate receptor agonists and by potassium-induced swelling in type-1 and type-2 astrocytes.
The aim of the present study was to determine whether endogenous amino acids are released from type-1 and type-2 astrocytes following non-N-methyl-D-aspartate (NMDA) receptor activation and whether such release is related to cell swelling. Amino acid levels and release were measured by HPLC in secondary cultures from neonatal rat cortex, highly enriched in type-1 or type-2 astrocytes. The following observations were made. (a) The endogenous level of several amino acids (glutamate, alanine, glutamine, asparagine, taurine, serine, and threonine) was substantially higher in type-1 than in type-2 astrocytes. (b) The spontaneous release of glutamine and taurine was higher in type-1 than in type-2 astrocytes; that of other amino acids was similar. (c) Exposure of type-2 astrocyte cultures to 50 microM kainate or quisqualate doubled the release of glutamate and caused a lower, but significant increase in that of aspartate, glycine, taurine, alanine, serine (only in the case of kainate), and glutamine (only in the case of quisqualate). These effects were reversed by the antagonist CNQX. (d) Exposure of type-1 astrocyte cultures to 50-200 microM kainate or 50 microM quisqualate did not affect endogenous amino acid release, even after treating the cultures with dibutyryl cyclic AMP. (e) Exposure of type-1 or type-2 astrocyte cultures to 50 mM KCl (replacing an equimolar concentration of NaCl) enhanced the release of taurine greater than glutamate greater than aspartate. The effect was somewhat more pronounced in type-2 than in type-1 astrocytes. Veratridine (50 microM) did not cause any increase in amino acid release. (f) The release of amino acids induced by high [K+] appeared to be related to cell swelling, in both type-1 and type-2 astrocytes. Swelling and K(+)-induced release were somewhat higher in type-2 than in type-1 astrocytes. In contrast, neither kainate nor quisqualate caused any appreciable increase in cell volume. It is concluded that non-NMDA receptor agonists stimulate the release of several endogenous amino acids (some of which are neuroactive) from type-2 but not from type-1 astrocytes. The effect does not seem to be related to cell swelling, which causes a different release profile in both type-1 and type-2 astrocytes. The absence of kainate- and quisqualate-evoked release in type-1 astrocytes suggests that the density of non-NMDA receptors in this cell type is very low.